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DIHYDROXYLATION#
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Abstract- The first asymmetric synthesis of the ant venom alkaloid (35,55.8aR)-3-butyl-5-
(4-pentenyl)indolizidine (1) has been performed by starting with the Sharpless asymmetric
dihydroxylation of N-alkenylcarbamate (3) followed by reductive annulation (5-exo-

tetrahedral).

Indolizidine alkaloids offer attractive targets for synthesis because of their unique structures and intriguing
biological activities.1 Recently, a novel 3,5-dialkylated indolizidine (1) was isolated from the ant venom of
Monomorium smithii.2 Tts absolute configuration and potential biological activities, however, remain unknown
owing to its short supply from natural sources. So far, the synthesis of 1 has been reported only once in its
racemic form,2 and its chiral synthesis has never been performed. Our interest in this field is directed towards
the synthetic utilization of the Sharpless asymmetric dihydroxylation (AD) reaction,3 as employed for the
enantioselective construction of oxygen® and nitrogend heterocycles leading to natural products. In this
communication, we impart the first asymmetric synthesis of 1 via construction of cis-2,5-disubstituted
pyrrolidine by capitalizing on AD reaction as a crucial step of a homochiral 4-pentenylcarbamate available from L-
norleucine,

Recent investigations in this laboratory have disclosed that the kinetically controlled amidomercuration of o-

# This paper is dedicated to the memory of the late Professor Yoshio Ban.
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amino acids-derived ot-alkylated 4-pentenylcarbamates resulted in stereoselective cyclization (5-exo-trig) and
provided the rrans-2-alkyl-5-(hyd.roxymcthyl_)pyrrolidinc. The latter has been converted to several biologically
active nitrogen-containing compounds such as (+)-pyrrolidine 197B,62 (+)-xenovenine 59 and (+)-indolizidine

195B.6¢ This time we needed the cis-2-butyl-5-hydroxymethylpyrrolidine (2) for the preparation of 1.
H

NN Chz

1 2

Unfortunately, examination of the various amidomercuration under thermodynamically controlled conditions
resulted in frans-selectivity preferentially. Accordingly, our regard was focused on the Sharpless AD reaction as
a step enforcing the introduction of a stereogenic center and subsequent stereoselective construction of the cis-
pyrrolidine (2) by 5-exo-tet cyclization. Our synthesis of 1 began with the Sharpless AD reaction of (S)-N-
benzyloxycarbonyl-1-butyl-4-pentenylamine (3), readily accessible from L-norleucine.52 Treatment of 3 with
AD-mix-p (Aldrich No. 39,276-6) at 0 °C in terz-butyl alcohol/water (1:1) for 24 h afforded a diastereomeric
mixture of the diols (4). Selective protection of the primary hydroxyl in 4 with zert-butyldimethylsily! followed
by mesylation of the secondary hydroxy! provided the mesylate (5). Exposure of 5 to an atmosphere of
hydrogen in the presence of PA(OH) as a catalyst in methanol caused concurrent debenzyloxycarbonylation and
annulation (5-exo-tet) to give the pyrrlo]idinc salt, which was converted by a two-step sequence (i, de-ters-
butyldimethylsilylation; ii, N-bezyloxycarbonylation) to a separable 4:1 mixture of the 2,5-cis-disubstituted
pyrrolidipc (2)( and its trans isomer (6).

With tlhe requisite 2 in hand, the elongation of its appendage was initiated. The Jones oxidation_of 2 gave the
acid, which on the subsequent Amdt-Eistert homologation provided the ester (7). Next, application of a three-
step sequence (i, reduction; ii, the Swern oxidation; iii, the Horner-Emmons reaction) to 7 gave the o,p-
unsaturated ester(8). Both debenzyloxycarbonylation and olefin reduction were effected by catalytic
hydrogenation over .Pd(OH)z of 8 to give 9, but failed in further annulation into indolizidinone. The
intramolecular lactamization of 9 was performed b){ the Weinreb's procedure’ utilizing nim?mylalunﬁnum to give
the synthetic intermediate (10). The spectral data for 10 were completely identical with ;hose reported.2
According to the Jones's method2 described for the synthesis of (+)-1 from (£)-10, 10 was converted via the
amino nitrile to the desired (+)-(35,55,8aR)-3-butyl-3-(4-pentenyl)indolizidine (1)8 (bp 65-70 °C/1 mmHg)

{0)%6p +71.4° (c 0.645, CHCI3), whose spectral data were in accordance with those rcponcd.z’g
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i, AD-mix-p; i, 1) TBSClimidazole/DMF; 2) MsCIEt;N: iil, 1) Ho/Pd{CH)»; 2) 1% HCI;3) CbzCIYNaOH: iv, 1)
CrOa/H'/acetone; 2) CHaNy; 3} AGCOOPHMeOH; v, 1) LIBH(Eta; 2) (COCI)/DMSO/EtN; 3)
(EtO)2P{O)YCH2COOEVNaH; vi, Ho/Pd{OH)a; vii, MesAl; viii, 1) DIBALH; 2) 60% HCIO4; 3) KCN; ix; 1-
pentenyimagnesium bromide

In conclusion, we have demonstrated the new construction of 2,5-cis-disubstituted pyrrolidine ring using the
Sharpless asymmetric dihydroxylation as a key reaction and the first asymmetric synthesis of the ant venom
alkaloid (1). Accordingly, this method provides a promising avenue to the voluntarily stereoselective synthesis
of homochiral ¢,o'-disubstituted pyrrolidine and piperidine rings, which could be led the related biologically
active compounds,
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TH Nmr (CDCI3) § 0.91 (3 H, t, /= 7 Hz), 0.96-2.2 (12 H, m), 2.4-2.7 (2 H, br d), 3.0-3.2 (1H, m),
4.98(1H, br d, J= 10 Hz), 5.03 (1H, br d, J= 17 Hz), 5.7-5.9 (1 H, m); 13C nmr (CDCI3) § 14.11,
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114.44, 138.92.

The optical rotation of natural product (1) is not reported in ref.2.
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